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Abstract 
Malaysia’s Vision 2020 for enhancing its education system includes the 
development of scientific literacy commencing at the primary school level. This 
Vision focuses on using English as the Medium of Instruction (EMI) for 
teaching primary science, as Malaysia has English as a Foreign Language (EFL) 
in its curriculum. What changes need to occur in preservice teacher education 
programs for learning about primary science using EMI? This paper investigates 
the education of Malaysian preservice teachers for learning how to teach one 
strand in science education (i.e., space, primary astronomy) in an English-
language context. Ninety-six second-year preservice teachers from two 
Malaysian institutes were involved in a 16-week “Earth and Space” course, half 
the course involved education about primary astronomy. Seventy-five of these 
preservice teachers provided written responses about the course and their 
development as potential teachers of primary astronomy using EMI. Preservice 
teacher assessments and multimedia presentations provided further evidence on 
learning how to teach primary astronomy. Many of these preservice teachers 
claimed that learning to teach primary astronomy needs to focus on teaching 
strategies, content knowledge with easy-to-understand concepts, computer 
simulations (e.g., Earth Centered Universe, Stellarium, Celestia), other ICT 
media, and field experiences that use naked-eye observations and telescopes to 
investigate celestial bodies. Although generally proficient in using ICT, they 
claimed there were EFL barriers for learning some new terminology. 
Nevertheless, powerpoints, animations, videos, and simulations were identified 
as effective ICT tools for providing clear visual representations of abstract 
concepts and ways to enhance the learning process.  
 
 
The Malaysia Government has recognised the importance of developing a knowledge 
economy for achieving economic performance within advanced technological 
capabilities (Mustapha & Abdullah, 2000). However, there is a lack of adequate 
scientific knowledge and scientifically-skilled human resources, which has lead to a 
relatively weak science and technology base in Malaysia (Govindan, 2000). As a 
result, the Malaysian Government has initiated major education reform process to 
build science and technology human resources as well as the intellectual capability 
and competency in management and entrepreneurship (Ministry of Education 
Malaysia, 1997; Mustapha & Abdullah, 2004).  
 
The Government’s Vision 2020 seeks national status currently enjoyed by fully-
developed countries, mainly characterised by a scientific and progressive society. 
Nevertheless, Malaysia is under-enrolled in science-based subjects (Ong, 2006); 
hence Vision 2020 aims at maximising enrolments in the sciences by injecting new 
courses within new tertiary degrees at the preservice teacher level. Vision 2020 was 
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also a catalyst for the Malaysian Smart Schools Initiative with student-centred 
learning and criterion-referenced assessment, which has implications for preservice 
teacher education programs (Ong, 2006), particularly with technology (Gan, 2000) 
and English-language learning (Larsen-Freeman, 2000; Rahman Idris, 2005). Among 
other priorities, the Malaysian Vision 2020 has been positioned to bridge the gap 
between scientific knowledge held in English and scientific knowledge held within its 
own language through the establishment of education programs, including preservice 
teacher education. Malaysian policy mandated the use of English for teaching 
mathematics and science subjects. 
 
Although preparation for teaching primary science involves preservice teachers 
analysing and understanding current theories that underpin a science curriculum and 
developing adequate pedagogical knowledge and content knowledge (Fleer & Hardy, 
2006; Morine-Dershimer & Kent, 1999; Watters & Ginns, 2000), English as a Foreign 
Language (EFL) preservice teachers have additional challenges, that is, learning to 
teach science with links to current education reform measures and learning to teach 
this subject using EMI (Hudson, Nguyen, Hudson, 2008). Indeed, in countries where 
English is not the first language, preservice teachers must be prepared to meet the 
standards for EFL teaching (Lu, 2002). However, learning to teach subjects such as 
science by using EMI for EFL preservice teachers presents considerable challenges 
(e.g., see Larsen-Freeman, 2000; Lu, 2002; Tin, 2006).  
 
The Malaysian education system is aiming at addressing these two key educational 
reform measures (i.e., teaching science and teaching science using EMI) with a new 
primary science education degree. Implementing this new degree requires the 
development of science content knowledge and pedagogical knowledge over five key 
science education strands, namely, Science and Society, Earth and Space, Life and 
Living, Energy and change, and Natural and Process Materials (e.g., see QSCC, 
1999). Each of these areas has sub-strands; hence the Bachelor of Education Studies 
includes nine science education units within the four-year degree. This paper focuses 
on one sub-strand within the Earth and Space strand, that is, primary astronomy.  
 
Many people develop a life-long interest in astronomy and related topics resulting 
from initial studies while at school (e.g., see Association for Astronomy Education 
and Association for Science Education, 1990). Yet, science education organisations 
and educators (e.g., Comins, 2001; Dussault, 1999; National Science Foundation, 
2007) indicate there are widespread misconceptions among adults, including teachers, 
concerning astronomy. The rapid pace of astronomical discoveries has meant 
information readily available in schools may be partially or completely incorrect. 
Preservice teacher education needs to be at the forefront of astronomy and understand 
contemporary, factual and theory-based information in this area relevant to the 
appropriate teaching level (Trumper, 2003). Preservice teachers require opportunities 
to become familiar with the development and understanding of concepts in 
contemporary astronomy with particular emphasis on the links between knowledge 
and practical investigations, including the utilisation of information technology 
(Watters & Ginns, 2000). Primary students are easily motivated by hands-on activities 
and the notion of places, objects and events beyond the Earth (Beare, 2004; 
McKinnon & Geissinger, 2002). However, primary students generally have 
difficulties with the abstract thinking required to understand concepts associated with 
astronomy (Dunlop, 2000; Sneider & Ohadi, 1998). In addition, syllabuses for 
primary science need to provide clearer and more specific directions for teaching 
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content within these strands. Furthermore, countries that have English as a foreign 
language need to access the world’s knowledge on astronomy as many of these 
advances occur in western countries. A research question guided this study: What 
changes need to occur in preservice teacher education programs for learning about 
primary science using EMI?  This paper investigates the education of Malaysian 
preservice teachers for learning how to teach a specific science area, namely, space 
(primary astronomy) in an English-language context. 
 
Methods 
This study investigates Malaysian preservice teachers’ learning to teach primary 
astronomy using EMI in their second year of a new Bachelor of Education Studies 
(Primary Science) degree. There were 75 Malaysian preservice primary teachers (51 
from one Malaysian institute and 24 from another; 13 males, 63 females) who 
provided written responses about their learning to teach astronomy. These preservice 
teachers’ perspectives were gathered on appropriate and relevant content for teaching 
primary astronomy after involvement in a tertiary education unit, understanding 
concepts related to the current literature on astronomy, and practical applications of 
teaching astronomy. The following overview of these preservice teachers 
development to date aims to contextualise this study.  
 
Their first semester involved studying Islamic and Asian Civilization, citizenship 
studies, strategic and innovative thinking in education, and English for academic 
studies in Bahasa Melayu. The second semester comprised of four units, that is: (1) 
the development of skills in information and communication technologies; (2) 
primary curriculum and pedagogy in health and physical education; (3) English for 
teachers; and, (4) an integrated mathematics and science foundation unit to develop 
scientific and quantitative literacy. All lectures, readings, workshops, and assessments 
were conducted in English from the beginning of the second semester. The third 
semester involved four units, viz: Human development, primary science pedagogy, 
Earth and space, and an English literacy unit. Each unit was delivered in English and 
focused on primary school education.  
 
The paper focuses on the third unit in semester 3 (Earth and Space) and in particularly 
primary astronomy, which aims to provide opportunities for preservice teachers to 
demonstrate their understandings of basic theories and concepts of contemporary 
astronomy with emphasis on the interconnectedness between theory, knowledge, and 
practical investigations for the primary school. This unit also aims to provide a 
platform for teaching through exploration of relevant pedagogical content knowledge, 
and a foundation for lifelong learning within this key area. Educating the Malaysian 
preservice teachers in astronomy requires them to: (1) gather, form and critique 
knowledge or new configurations of knowledge from a variety of sources; (2) design 
learning experiences that draw upon pedagogical, curriculum and assessment 
knowledge and skills that respond to the diverse abilities and interests of learners; (3) 
model and promote inquiry, cooperative and independent approaches to learning. The 
content for the unit was based on the work of Broadfoot, Ginns, and Lucas (2003) and 
included topics such as: astronomy and outer space; ancient astronomers and 
development of astronomy; our universe (galaxies, nebulae, stars and constellations); 
the solar system (observing and recording celestial changes, terrestrial and gaseous 
planets, space probes, space exploration); the moon (cycles, phases, and eclipses); the 
sun, asteroids, meteors, and comets; seasons; and the use of binoculars and telescopes. 
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Lectures, directed and undirected readings, demonstrations, and practical activities in 
the laboratory and field were used to educate the Malaysian preservice teachers about 
primary astronomy. All practical activities were designed to establish problem solving 
techniques within a constructivist approach. The use of information technology was 
also used in lectures and these preservice teachers were required to include these 
technologies in their own investigations and research. Lecture and laboratory work for 
primary astronomy was conducted for four hours per week over an eight-week period, 
which was half the duration of the course “Earth and Space”. Formative assessment 
was provided through feedback in tutorial sessions and written comments on initial 
assessment work. These preservice teachers were required to submit a report of field-
based observations in one area of astronomy (e.g., moon phases, planet movements, 
constellations, sun movements) and include a reflection of 150 words indicating how 
the report meets the outcomes. They prepared a teaching resource package in which a 
broad conceptual plan for implementing a relevant topic in the classroom, school or 
community was produced and delivered to their peers as a 15-minute multimedia 
presentation. There was also an examination at the end of the course.  
 
A questionnaire was administered to 75 Malaysian preservice teachers to understand 
their learning how to teach primary astronomy using EMI. The following questions 
related to the preservice teachers’ study on primary astronomy: (1) What was the most 
useful component of this unit? (2) What was the least useful? (3) What was the most 
useful information? (4) What was your greatest challenge? (5) What ideas would you 
use in your teaching from this unit? (6) What would you change in this unit? (7) What 
do you think will make you a better teacher of primary astronomy? These questions 
were a means towards understanding the preservice teachers’ perspectives on their 
learning to teach primary astronomy (e.g., see Polonsky & Waller, 2005). This sample 
(n=75) represented 79% of the total cohort undertaking a Bachelor of Education 
Studies (Primary Science) degree across two Malaysian institutes. In the data analysis, 
themes and categories were coded for responses on each question (see Hittleman & 
Simon, 2006). In addition, written feedback and observations of preservice teacher 
participation in astronomy-based activities and presentation of assessments, including 
the multimedia presentations, were analysed for connections to the themes and 
categories.  
 
Results and discussion 
It was intended that these preservice teachers (n=75) had ample experiences for 
learning how to teach primary astronomy. Evaluative responses on the first four 
questions may be noted in Tables 1 and 2 for each institute (not all these preservice 
teachers responded to each question). Learning about astronomy and phenomena, 
developing content knowledge about astronomy, and using the Earth-Centered 
Universe (ECU) software program were considered the most favourable components 
of the course. The multimedia presentation (Portfolio) to the peers was also very well 
received as it provided “a variety of activities” (Preservice Teacher 27 [PT27]) that 
could be experienced first hand.  
 
Generally, these preservice teachers indicated that their learning on how to teach 
primary astronomy would help them through their teaching careers, and emphasised 
the hands-on experiences as impressionable, for example, preservice teacher 15 
(PT15) explained that the “teaching resource such as the telescope gave me a big 
impression and will help me to remember the concepts better”. The astronomy topics 
were new and interesting to most of these preservice teachers, particularly as “before 
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this [unit] we only learnt about the solar system” (PT22). This was an indication that 
content knowledge previously learnt during primary school may have been limited; 
hence the injection of new courses that tackle wider scientific topics may lead towards 
increased scientific literacy. Preservice teachers need to assess their own learning. 
PT7 stated, “During the examination I can evaluate the level of content knowledge 
that I gained”. 
 
Table 1: Most and least useful components of learning about teaching astronomy 
Descriptor Institute A (n=51) No of 
responses 
Institute B (n=24) No of 
responses 
Most useful Astronomy and 
phenomena 
14 Approach and content 12 
 Content knowledge  11 Astronomy and phenomena 7 
 ECU software 8 Knowledge for real life 2 
 Portfolio 3 7 Field experiences 2 
 Portfolios 1 and 2 2 Exam  1 
 Knowledge for real life 1 Teaching resources 1 
 Telescopes 1   
Least useful Lecture style  18 Nothing 7 
 Nothing 12 Lengthy lectures  4 
 Space 4 Limited time for learning 3 
 Tutorial 3 Terminology 3 
 Ancient astronomers 1 Tutorial 2 
 Exam 1 Assignment explanation 2 
   All astronomy 1 
 
Despite the positive affirmations of their learning about teaching primary astronomy, 
some lectures were reported as lengthy with difficult English terminology. According 
to these preservice teachers, least useful components of the unit included 
transmissive-style tutorials, which reflected traditional Malaysian teaching practices. 
Various preservice teachers indicated that lectures and tutorials should be “arranged 
more systematically” (PT56), with “some powerpoint presentations too wordy and 
repetitious” (PT72). It was a challenge for the lecturers as they too had to teach 
astronomy using EMI, when English may be a second or third language that may 
present a less than fluent means for communicating scientific content. Indeed, lengthy 
powerpoint presentations may have been seen as heavy scaffolding to compensate for 
teaching new coursework. Yet, there were also other issues in teaching new 
coursework. To illustrate, “The way the lectures were delivered because the lecturer 
always read the slides and did not explain deeply” (PT74). There appeared insufficient 
time to learn the scientific content, particularly as many concepts about astronomy are 
abstract, and it was claimed that astronomy was “quite difficult for Malaysian school 
students” (PT11) because they “found it hard to understand space as it’s so abstract” 
(PT61). In addition, one preservice teacher (18) stated that “Astronomy content is not 
really relative to our daily lives”. This highlighted that the importance of learning 
about the world and beyond eluded some preservice teachers. Finally, it was 
purported that clearer explanations of assessment tasks needed to be presented (PT3, 
PT60). Assessments that have been produced by outstanding preservice teachers may 
be used as exemplars to assist subsequent preservice teachers.  
 
There were considerable specific challenges for these preservice teachers that linked 
to learning to teach primary astronomy using EMI (Table 2). Learning new material 
can be a challenge regardless of language, for example, “Learning something that is 
totally ‘alien’ for me. The first step is always the hardest but gradually gets better, 
especially when the lecturer provides revision” (PT6). Indeed, learning the content 
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knowledge about astronomy drew upon the preservice teachers’ abstract thinking. To 
illustrate, “It has challenged my higher-order thinking in understanding facts” (PT14), 
and “For understanding the content of astronomy I needed a lot of imagination” 
(PT17). Hands-on experiences instilled confidence even though “the greatest 
challenge was on the field observation on celestial objects (PT7). However, PT7 
continued by stating, “It was the first time I looked at the stars with intention to study 
it and I feel good about it”.  
 
Table 2: Informative and challenging aspects for learning about teaching astronomy 
Descriptor Institute A (n=51) No of 
responses 
Institute B (n=24) No of 
responses 
Informative Navigation software 21 Science content knowledge 11 
 Portfolio 3 Lecture notes 2 
 Telescope set up 3 All astronomy 2 
 Moon 1 Moon 2 
   Textbook 1 
   Telescope 1 
   Assignments 1 
Challenge Portfolio – ECU and 
word limit 
22 Observation of stars using 
ECU 
6 
 Exam 8 Master content knowledge 5 
 Assessments 6 Assignments 3 
 Multimedia presentation 3 Exam 3 
 Using ECU 3 Terminology 2 
 Finding information 2 Moon 1 
 Understanding lecture  2 All astronomy 1 
 Ancient astronomers 1 Telescope 1 
 Telescopes 1 Exam 1 
 Simplifying information 
for primary students 
1   
 
The assessments were aligned to the course content and pedagogical strategies that 
required the preservice teachers to go beyond their traditional experiences in 
education. The perspectives of assessments and associated criteria may be 
summarized by the following four comments: “The criteria given were so new to me, 
I had to find out more by ‘kicking’ ideas around with friends” (PT40); “The 
assignments are quite hard but it was good for us to search and investigate the 
information” (PT42); “Accomplish my assignment. I had to do a lot of reading but it 
allowed me to learn a lot about earth and space which really interests me” (PT52); and 
“The first portfolio assignment. At the time I did not understand many things and 
everything was very new, especially writing a research report” (PT53). The preservice 
teachers were concerned about the examination as one of the assessment tasks, 
particularly as “there were too many topics that we had to understand and terminology 
to memorize” (PT56); furthermore they “did not know the format of the exam [and 
so] sample questions would have been useful” (PT3). As this was primary astronomy, 
the preservice teachers had to synthesize and evaluate information for the primary 
level. This challenge aimed to develop in them ways “To write and present 
information in a more simple way than the information gathered” (PT37). 
 
These preservice teachers (n=75) outlined ideas they would use in their teaching of 
primary astronomy as a result of completing this course. It was highlighted that 
learning should be a fun activity and was considered a key for developing students’ 
content knowledge. In this coursework, practical, hands-on activities such as 
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understanding azimuth and altitude as coordinates to locate celestial positions (PT15) 
were advocated. For example, “Teaching children to calculate the astronomy activities 
by using hand spans, fist spans…easy yet practical” (PT6). Scaffolding the primary 
student’s learning was linked to identifying needs for developing deeper 
understandings about astronomy regardless of the level of ability, comments included: 
“Need scaffold activities for slow learners because they take longer to learn and 
understand topic if teacher goes through it quickly” (PT10) and “Teach the students 
using logical thinking and explain each change - scaffolding” (PT11). It was also 
recognised that these activities needed to be uncomplicated and easy for primary 
students to grasp, which also related to their own learning in the tertiary setting: 
“Most of the simple and useful activities done by the lecturer to increase our 
understanding. Simple activities can be very interesting and more understandable, 
which will indeed help us to increase children’s understanding about the earth and 
space content” (PT17). 
 
Powerpoints (PT19), animation (PT22), videos (PT21), and simulations were 
identified as effective ICT tools for providing clear visual representations of abstract 
concepts and ways to “make learning more interesting” (PT22). These visuals 
presented complex concepts in easy-to-understand simulations especially “using 
simulations while teaching moon phase, eclipses and seasons” (PT6). PT8 claimed 
that “using powerpoints which included simple animations, videos and sound will 
encourage students to learn more about the content of the lesson in class”. The 
inclusion of ICT multimedia forms presents a way to stimulate learning through 
engaging and pictorially represented formats.  
 
There was certain astronomy content that the preservice teachers considered more 
relevant and practical to primary education. For instance, “the activities introduced by 
my friends during their presentation helped students to understand the lesson and 
made it more fun” (PT42). Another recognised that it was importance to: 
Organise hands-on and minds-on activities with students in the future. As a teacher we 
should master the content knowledge as well as we can. Besides that, we should always 
update our knowledge because science is always changing. We should know the latest 
knowledge. (PT43) 
 
There are no curriculum or syllabus guidelines in Malaysia that extends knowledge 
about primary astronomy. Content knowledge in Seeds (2007) goes beyond the 
primary classroom requiring the preservice teachers to synthesis information for the 
primary level, although this material can be beneficial for enhancing teachers’ content 
knowledge in preparation for teaching. Nevertheless, tasks such as applying “azimuth 
using hand or fist measurements” were noted as “simple content that could be applied 
to primary schools” (PT49). Furthermore, learning about “phases of the moon, the 
solar system and our sun” can allow primary students to draw upon “previous 
knowledge so it will be more interesting for them” (PT72). Although one preservice 
teacher stated, “I do not have enough experience to suggest changes to this course” 
(PT14), there were components of the course the preservice teachers claimed should 
be changed, including simplifying the content knowledge (PT4), with the “lecturer 
picking out important points for the [preservice teachers]” (PT66). Concerns were 
raised over the complex knowledge in the field of astronomy, particularly with the use 
of high-capacity equipment delving deeper into theoretical concepts. It was suggested 
that “maybe quality is more important than quantity” (PT6) by including more on 
“simple astronomy activities and ways to teach earth and space content for primary 
children, as the content is mostly too abstract and difficult for primary children” 
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(PT17). Learning to teach astronomy should be modelled by lecturers with “lecturers 
providing some practical exercises in every tutorial as revision” (PT46). The Internet 
can be used as a follow up to learning these concepts by “posting lecture notes and 
other materials on the course website” (PT65). Indeed, lecturers can have considerable 
influence on preservice teachers’ potential to teach astronomy in the schools.   
 
The last question for responses was: What do you think will make you a better teacher 
of primary astronomy? Overwhelmingly, these preservice teachers commented that 
content knowledge with simple explanations that extends beyond the primary 
requirements appeared as a distinct need for teaching astronomy: 
Clear and wide knowledge about Earth and Space. Students would probably not require 
this much knowledge but it would help us better in explaining to the students. The 
biggest challenge in teaching children is to explain something hard in the simplest way. 
(PT6) 
 
Others considered more practical applications such as “using models in class to aid 
students learning” (PT11) or “making earth and space lessons more interesting by 
demonstration and explanation and role playing” (PT13). First-hand activities and 
interesting teaching strategies were considered a necessity as “Hands-on activities are 
very important because when I did it, it made sense and I remembered it better” 
(PT15) and “using many different teaching strategies we can become better teachers 
of earth and space” (PT30). Undoubtedly, multimedia technologies were noted as a 
highlight to explain difficult to understand concepts, for example, “explain the content 
easily and make interesting teaching aids by using multimedia to explain the topic” 
(PT32), particularly the use of powerpoints, animation, videos, Youtube, and 
simulations were seen as effective ICT tools. 
 
Conclusion 
These preservice teachers were learning to teach astronomy using English as the 
medium of instruction (EMI). It was stated that learning astronomy should not use 
excessive new terminology but rather provide simple hands-on experiences that 
demonstrate key concepts. Although there may be some EFL barriers for learning new 
terminology, there were other issues under consideration for advancing the Malaysian 
science syllabus. Many of these preservice teacher claimed that learning to teach 
primary astronomy needs to focus on teaching strategies, content knowledge with 
easy-to-understand concepts, computer simulations (e.g., Earth Centered Universe, 
Stellarium, Celestia), and field experiences that use naked-eye observations and 
telescopes to investigate celestial bodies.  
 
Content knowledge for teaching in the sciences is important; however content 
knowledge learnt this year may be outdated by the following year. Hence, and more 
importantly, preservice teachers need to be taught how to prepare themselves for 
teaching astronomy, which includes content knowledge and pedagogical knowledge. 
Instilling in preservice teachers the responsibility to update content knowledge prior 
to teaching must be included in preservice teacher education courses. Working in peer 
partnerships in using English for science purposes was also noted as a way to gain 
knowledge. Preservice teachers need fundamental content knowledge about scientific 
concepts in astronomy; however the curriculum needs to be much broader and more 
flexible. Using textbooks and lecture notes, complemented with demonstrations on 
teaching astronomy concepts to peers aids the preservice teachers’ knowledge and 
understanding. Preservice teachers need to be challenged on their conceptual 
understandings by developing content knowledge using English language terminology 
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and developing skills on using astronomy software packages for investigating 
astronomical activity.  
 
The challenge for curriculum designers is to update and incorporate current 
knowledge and understandings about astronomy that can be conducted at the primary 
school level. Indeed, syllabuses from Australia, England, and Malaysia provide little 
detail for teaching primary astronomy. Importantly, ICT resources must be included in 
syllabus support documents to provide interactive internet websites that allow 
students to learn about astronomical concepts. Hence, there should be more emphasis 
placed on ICT accessibility for primary students and preservice teachers, who will 
eventually be at the forefront of these challenges. Tertiary coursework must not only 
assist current curriculum directions but also lead the way for further advancement of a 
nation’s education system. Embedding innovative practices for teaching astronomy 
need to occur with preservice teachers, who can model, shape and develop effective 
teaching practices.  
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